During the transmission of electromagnetic radiation through a medium containing water molecules, portions of the electromagnetic spectrum are absorbed by water molecules. This water absorption occurs preferentially at certain characteristic wavelengths while the balance of the spectrum is transmitted with minimal eects. This characteristic of water provides advantages but also some disadvantages in science and engineering applications. Especially in remote sensing applications, it may cause to produce incorrect information. So identication of behavior of electromagnetic wave in water is signicantly important. Some of the studies based on electromagnetic wave behavior in water are bio-medical researches, sensors, transmitters, accumulators, organic-inorganic materials, and microwave ovens. In this paper, based on the water's absorption of electronic wave property, a plastic cup as half-full of water is imaged using near eld microwave system. After being processed with 3D-DLL algorithm it is imaged as 3D with IRIS software. A robotic system is used for data collection process. Transmission and reection measurements of system are done with N5230A network analyzer.
Introduction
Water is an important substance in every aspect of life. However, many physical properties and processes of water are not well understood; as such it has been and will continue to be a focus of extensive investigation [1] . During the transmission of electromagnetic radiation through a medium containing water molecules, portions of the electromagnetic spectrum are absorbed by water molecules. This water absorption occurs preferentially at certain characteristic wavelengths while the balance of the spectrum is transmitted with minimal effects [2] .
In this study, to observe the behavior of water at millimeter wavelength, imaging of water in plastic and PTFE cup via microwave tomography method is examined. Results are shown as 2D and 3D below.
Experimental
Measurement system consists of antennas, linear scanner driver, and control computer. Experimental system can be seen at Fig. 1 . Fig. 1 . Millimeter wave band tomography system. * corresponding author; e-mail: aysun.sayinti@tubitak.gov.tr Tomography algorithm is shown below. It is assumed that the depolarization is negligible. If polarization current is normalized by incident eld, the scattered eld can be presented in the form of
where G(x, y, z; x , y , z ) is free space Green function, K(x , y , z ) is a normalized polarization current and
is an incident plane wave. Let us dene the two-dimensional Fourier transformψ(v 1 , y, v 3 ) of the scattered eld ψ(x, y, z) on a scanning plane at y = const and also the three-dimensional Fourier transformK(α, β, χ) of K(x, y, z). Applying the two-dimensional Fourier transform of scattered eld ψ(x, y, z) for (1), one can obtain the following equation:
where g(v 1 , y, v 3 ; x , y , z ) is the two-dimensional Fourier transform of the Green function, and
is the wave number. If one rearranges Eq. (2), it becomeŝ
.
Equation (3) can be rewritten aŝ
Finally, by taking the inverse Fourier transform of K(α, β, χ), the object function K(x, y, z) is obtained [35] .
Scanner system
Scanner system is the most important step in a measurement. The operator should choose the correct specications, such as system speed, acceleration, trigger points, in order to get proper scan data. To be able to achieve a surface scan, two-dimensional, 2D, scan is needed. One dimension is assigned to scan the object horizontally while other moves the rst axis vertically along the object. Each axis should follow a motion curve in order not to speed up immediately. Figure 2 shows a motion curve. In Fig. 2 , speed prole for a motion can be seen. The curve is divided into three segments: acceleration, cruise and deceleration. The level of the cruise phase is given by the speed setting of the motion, while the steepness of the acceleration and deceleration phases is given by the acceleration parameter. As it can be seen in Fig. 3 , scan axis is divided by trigger points on which data is requested. Data on trigger points is collected on the operator's computer. After scan is nished, raw data is given to tomography algorithm.
Results and discussion
In the table, measurement data on water in the plastic cup and in the teon cup are given. In Figs. 46 the tomographic images are shown. The 2D image of water which is contained by 55 mm diameter and 20 mm thick teon glass is shown in Fig. 6 . 3D image is shown in Fig. 7 . A metal marker is used in order to dene the start point of scan. 
Conclusions
In this work, between 3035 GHz frequency band, the behavior of water which is in the two dierent glasses of dierent thicknesses and diameters are studied. After scanning both glasses in the frequencies mentioned above, thanks to tomography algorithm, dierences between real size of glass and the size of processed output are compared. In terms of dimensions, it is observed that processed image is compatible with the actual glass.
Because of glass thickness, processed image of water lled plastic glass has much smoother image compared to the teon glass.
